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widely distributed in cereal grains, he had difficulty in devising a diet deficient in it, until he actually destroyed the vitamin E of natural diets by treating them with ferric chloride (cf. Waddell & Steenbock, 1928) . He was then able to demonstrate quite clearly that vitamin E (supplied as wheat-germ oil) was essential for egg production and hatching. Its importance for growing chicks was not recognized until nearly 10 years later, when Pappenheimer, Goettsch & Jungherr (1937) cured nutritional encephalomalacia or so-called 'crazy chick disease' by administration of wheat-germ oil.
Vitamin K
The history of vitamin K is more recent; the first reports of an antihaemorrhagic vitamin for chicks came about 15 years ago. Dam (1934) , working on sterol metabolism, encountered in chicks receiving artificial diets a condition resembling scurvy which was not cured by administration of lemon juice, but was prevented by the feeding of cereals. He postulated that cereals contain an antihaemorrhagic factor, for which he coined the name vitamin K (Koagulationsvitamin). Its effect on the clotting time of chick blood formed the basis of methods of biological assay by which its identification and synthesis were followed (Almquist & Stokstad, and some of these figures are included in Tables I and 2 .
Vitamin A
The symptoms of severe vitamin A deficiency are very characteristic. In young birds growth and feather production are Poor, susceptibility to infection is increased and the mucous membranes become keratinized. Death occurs within a few weeks, and deposits of urates are usually found in the kidneys. In older birds the syndrome is similar, and in addition there is a mucous discharge from the mouth, eyes and nostrils, a condition known as 'nutritional roup' ; the interior of the mouth may become studded with pustules. Hatchability and egg production are reduced.
Vitamin A can be utilized by poultry either as the vitamin itself or as its active provitamins. The relative efficiency of carotene and vitamin A in poultry feeds has been the subject of many experiments, and opinion on the matter is still divided. In evaluating such experiments, account must be taken of the relative instability of pre-formed vitamin A in poultry mashes as compared with its precursors, especially as present in natural feeding-stuffs such as grass meal or maize. It is possible that the claims that chicks utilize carotene more satisfactorily than vitamin A are connected with this instability. Vitamin A is considerably more stable in poultry feeds if the diet also includes natural anti-oxidants such as are present in cereal grains; its stability is reduced in the presence of oxidizing agents, e.g. rancid fats. Table I summarizes the recommended allowances of vitamin A (or carotene) for poultry and the approximate vitamin A content of various feeding-stuffs. 
Vitamin D
Deficiency of vitamin D in young chicks results in poor growth and rickets; the skeleton is not properly calcified, the bones become deformed and the beak is softened. In adult birds the deficiency is less obvious, but softening of the skeleton occurs, egg production is reduced, and soft-shelled eggs may be laid. Abnormal blackening of the feathers on diets low in vitamin D has been reported by Glazener, Mattingly & Briggs (1946) and confirmed by McGinnis, Kosin & Decker (1947). Glazener & Briggs (1948) suggest that this abnormal feather pigmentation is peculiar to certain breeds.
In the presence of sunlight, poultry, like other animals, can synthesize vitamin D, and acute deficiency is encountered only under intensive conditions. It is a striking fact that, unlike mammals, birds use vitamin D, very inefficiently, so that irradiated vegetable sterols are of little use in poultry feeding. It was the reported inefficiency of irradiated ergosterol in preventing leg weakness in chicks (Mussehl & Ackerson, 1930) that led Waddell to undertake a series of experiments which culminated in his discovery (Waddell, 1934 ) that the products of irradiation of cholesterol were different from those of ergosterol. It is more than likely that the recognition of vitamin D, would have been delayed for many years but for this difference in response to vitamin D, between birds and mammals. Preliminary experiments in this laboratory suggest that the inclusion of large quantities of yeast in the diet of chicks has a markedly rachitogenic effect similar to that reported for pigs by Braude, Kon & White (1943).
Vitamin D3 is relatively stable when incorporated in poultry mashes. The recommended allowances of vitamin D, its sources and occurrence in feeds are given in Table 2 .
Vitumin E
The widespread presence of vitamin E in cereal grains makes a deficiency of this vitamin very unlikely under practical conditions, unless some antagonist is included in the diet. Experiments have shown that, although a deficiency of vitamin E does not
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Nutrition of poultry 265 affect egg production, the vitamin is essential for good hatchability, and embryos from vitamin E-deficient hens usually die within z or 3 days. Cocks have been kept for over a year on a diet deficient in vitamin E without losing fertility (Adamstone & Card, I 934), although histological examination revealed degenerative changes in the testes of some birds. In an extensive monograph on the subject, Pappenheimer et al. (1939) described the symptoms in young birds of a deficiency of vitamin E. There is a marked species difference. In chicks, lesions in the cerebellum result in nutritional encephalomalacia or 'crazy chick disease'. The birds are subject to ataxia and spasmodic convulsions followed by death. In ducklings the lesions are in the skeletal muscles, resulting in extreme weakness, the so-called 'nutritional myopathy'. In turkey poults the lesions are confined to the smooth muscle of the gizzard. Dam & Glavind (1938 and Bird & Culton (1940) report a generalized oedema, particularly of the heart and pericardium, as a result of vitamin E deficiency in chicks. However, Dam & Glavind (1942) and Bird (1943) found that this condition of 'exudative diathesis' could be influenced by dietary changes independent of vitamin E.
Vitamin E is relatively stable in mashes except in the presence of rancid fats. No definite requirements of poultry for vitamin E have been recorded in the literature, and there is ample evidence (Branion, Motzok, Slinger & Pettit, 1947 ) that addition of preparations of vitamin E to practical layers' or breeders' mashes is without beneficial effect on fertility, hatchability or onset of sexual maturity. In synthetic experimental diets for chicks, however, it is customary to include about 0.3 mg. a-tocopherol/roo g. diet. The inclusion of vitamin E in diets, particularly in diets containing lard, may assist the utilization of vitamin A (Patrick & Morgan, 1944) . There is evidence that cod-liver oil may interfere with the proper utilization of vitamin E (Hammond, 1941) and reported outbreaks of nutritional encephalomalacia on poultry farms may have been due to an over-generous supply of cod-liver oil in the diets.
Vitamin K
A severe lack of vitamin K is also rarely encountered in practice owing to its presence in many common feeding-stuffs, particularly green feeds. Deficiency results in a clotting time of the blood much in excess of the normal, and very severe haemorrhage may follow quite minor injuries. In rare conditions, the absorption of vitamin K may be hindered or prevented by, for instance, biliary obstruction or damage to the intestinal mucosa. Almquist & Stokstad (1936a) found vitamin K in the droppings of chicks raised on a diet free from vitamin K. From this they concluded that it is synthesized by intestinal micro-organisms, but whether any becomes available to the bird without actual ingestion of the droppings is doubtful. Cravens, Randle, Elvehjem & (1941) reported that unless adequate vitamin K was present in the diet of breeding hens their chicks suffered from vitamin K deficiency. The inclusion of I yo dried cereal grass or 2 % lucerne meal in the hens' diet enabled them to produce normal chicks.
Halpin
The anti-gizzard-erosion factor
In his early work on vitamin K, Dam (1935) conclm~m It is clear that under practical conditions the requirements of poultry for vitamins E and K will be adequately met by the inclusion of cereal grains and green feed. Birds kept extensively will synthesize most of the vitamin D required through the action of sunlight, and will have little need of an additional source; the normal vehicle for the addition of vitamin D is fish-liver oil, o -~-I % of cod-liver oil being ample under intensive conditions. Although cod-liver oil also contributes sufficient vitamin A its stability in this respect is doubtful, and the carriers of carotenoids, such as maize and dried grass, are probably preferable as sources of vitamin A. Caution in the use of cod-liver oil is advisable, as a surplus may do more harm than good by destroying the vitamin E in the other components of the diet.
